PH ejf'ects on oxidative phosphorylation of rat liver mitochon- than 5.6. The effect of pH on the state 3 respiratory ratio of the four substrates is shown in Fig. 3 . Ascorbate, a-ketoglutarate, and succinate oxidations were found to be pH sensitive but pyruvate oxidation was not. ar-Ketoglutarate and ascorbate oxidation rates increased steadily with increasing pH, displaying very broad optima between 6.5 and 8.0. The rate of succinate oxidation responded more abruptly to increasing pH and reached a maximum between pH 6.7 and 7.5. The optimal rate of succinate oxidation was considerably faster than that of the other substrates. State 4 respiration was not appreciably affected by pH alterations (Fig. 4) . The respiratory rates obtained with succinate and ascorbate + TMPD as substrates were quite rapid in the absence of added ADP and, therefore, respira-
Figure 2 shows a typical polarographic recording obtained with rat liver mitochondria.
In this case, succinate was used as the substrate. The abscissa of the graph is time and the ordinant is oxygen tension. The rate of respiration was relatively slow when mitochondria, substrate, and medium were placed in the chamber, but there was a burst of oxygen consumption after the addition of ADP (state 3) which slowed abruptly when all of the ADP was phosphorylated.
The subsequent state 4 respiration was the slower rate which occurred in the absence of phosphate acceptor. Respiration which is stimulated by the presence of ADP and leads to the synthesis of ATP is referred to as "coupled."
Figure 2 also shows uncoupled respiration; in this case, oxygen consumption was stimulated to the maximum level by DNP and this respiration was not accompanied by phosphate utilization.
All of the data presented in this report were obtained from tracings similar to that of Fig. 2 of pH on DNP-stimulated substrate oxidation.
In the presence of DNP, the oxidations of ar-ketoglutarate, succinate, and ascorbate + TMPD were pH sensitive. The response to pH was similar to the effect of pH on state 3 oxidation (Fig. 3) . However, with pyruvate as substrate, the effects of pH on the state 3 and DNP-stimulated oxidations were different. Variations of pH in the range 5.9-8.0 had no appreciable effect on pyruvate oxidation in state 3, but the rate of DNP-stimulated oxidation was greatly increased by altering the pH from 5.9 to 6.8.
In the initial series of experiments, pH was varied from 5.9-8, since this encompassed the probable physiological range. However, the very broad optima obtained for oxygen uptake in states 3 and 4 indicated that a wider range was necessary in order to characterize the effects of pH and determine at what points respiration would be clearly inhibited.
Therefore, the pH range was expanded to describe effects in the ranges 5-6 and 8-9. It should be noted that this increased the hydrogen ion concentration by lOOfold and that the pH range of 5-9 represented a lO,OOO-fold variation in hydrogen ion concentration-a variation far beyond that to which mitochondria would be exposed in vivo. Figure  7 summarizes the results of this expanded study.
The state 3 rates of oxygen consumption for three substrates (pyruvate, cu-ketoglutarate, and succinate) were found to be pH sensitive (Fig. 7, A1 , & , and C,>; marked inhibitions occurring at both lower and higher pH's. However, in accordance with the initial study, the rate of oxygen consumption with pyruvate showed a broader optimum than with a-ketoglutarate or succinate and with pyruvate, maximum rates were maintained at pH values as low as 5.6. The rates of oxygen consumption with both cx-ketoglutarate and succinate were inhibited by approximately 50 and 80%, respectively, at pH 5.6. The state 4 rates of oxygen consumption (Fig. 7 , A:! , Bz, and Cz> exhibited the broad optima shown in Fig. 4 ; however, rates were inhibited at pH below 5.5 and stimulated at (Fig. 3) ; at neutral pH, succinate oxidation was considerably faster than the oxidations of the other substrates. However, this relatively high degree of pH sensitivity may not be of physiological significance, since succinate oxidation was always considerably faster than that of the other substrates. In our experiments, oxygen consumption at pH above 6.5 was slowest with pyruvate as substrate and, at pH below 6.5, with a-ketoglutarate as substrate. The state 3 rate of oxygen consumption is the maximal rate and, therefore, is most sensitive to inhibition; however, state 3 is probably not representative of in vivo conditions.
In vivo, mitochondria exhibit a slower rate of oxygen consumption which is probably limited by availability of ADP and Pi to the electron transport chain. Thus, pH changes in vivo would be expected to have even less effect than indicated by the state 3 results. 
